ecent t eoret1ca 1nvest1gat10ns ave ocuse on t e question of how large amounts of energy and momentum are transferred from projectile to target nucleons, and on the early events in the evolution of hot, high density regions as thermal equilibrium is approached. In particular, the formation of squirts of nuclear matter, or of nuclear shock waves 7 carrying large transverse momentum and compressional energy 2-5 has been predicted These would be formed in central collisions if the projectile velocity exceeds the nuclear sound velocity v -O.2c, and o could lead to rarefaction emission of pre-equilibrium fragments upon the impinging of the compressional wave onto the nuclear surface. The energies of emitted nucleons and nuclear fragments should correspond to the nuclear shock compression propagation velocity v s ' which may be as high O 6 3,4 as . c . The models are in disagreement about the angles in the lab The authors observe that the high energy a' particles result primarily from high multiplicity (star event) target fragmentations 10 The most provocative experiment thus far is a'recent study of prong angular distributions of star events produced in Agel crystals upon bom- We have therefore undertaken a study of target fragment energy spectra and angular distributions with a 6E-E counter telescope that would identify fragments with Z = 2 and 3, 3 ~ A ~ 7, and 15 ~ E/nucl~ 150 MeV that are produced in the interaction of proton, 4He and 160 beams with Ag and U targets at an incident energy of about lGeV/nucl. the comparison of resuIts obtained with these beams should accentuate features that are unique to, heavy ion induced reactions. In this letter we want to concentrate on our results for 3He , 4He fragment production.
The experiments were carried out at the Bevalac accelerator of the
Lawrence Berkeley Laboratory
The beams we used were protons of 2.7 GeV, a particles of 0.7 and 1.05 GeV/nucl and 160 ions of 1.05 GeV/nucl. 8 Average particle fluxes were 10 particles per beam burst. Targets of -4-natural silver and uranium, about 200 to 300 mg/cm 2 thick, were mounted in a scattering chamber equipped with a detector telescope consisting of a 1 mmthick Si transmission detector as a ~E detector and a 5 cm thick plastic_ scintillator (Pilot B) coupled to a 2.5 cm diameter phototube as an E detector. The telescope was mounted 25 cm from the target and subtended a solid angle of 5 msr. Signals from the detectors were used in a power law type particle identifier (PI) system. The PI and total energy signals as well as signals from the ~E and E detectors were sent to a PDP 8 computer and stored event by event on magnetic tape. Isotopes from 3He to 7Li were well separated in the identifier spectrum.
The energy calibration of the spectra was obtained for each kind of particles . from the ~E signals in the surface barrier detector, using the known relation between energy loss in the ~E counter and total kinetic energy. The overall energy resolution was better than 5%. The accessible energy range for 3He and 4He ions stopped in the second detector was 60 .;;;; E .;;;; 280 MeV. However, owing to the good separation of 3He and 4He branches in the ~E-E plot, it was possible to identify 3He particles that were not completely stopped, foiIowing their spectra up to about 500 MeV.
The beam intensity was monitored with an ionization chamber calibrated A comparison of 3He and 4He double differential spectra from the 16 0 + U interaction is shown in fig. 2 . The 4He spectra decay much faster towards higher energies than the 3He spectra, with the latter showing higher cross sections above about 30 MeV/nucl. It is obvious that the spectra cannot be understood by a simple evaporation process which would require a constant exponential decay. Approximating, nonetheless, the 90° spectra by a straight exponential in the region from 30 to 70 MeV/nucl, one obtains a "nuclear temperature" of 60 MeV for 3He, and 38 MeV for a. emission at these energies. These numbers are far too high to be compatible with a conventional evaporation process. The high energy end of the 3He spectra would require an even higher temperature. In summary, our data present evidence for the non-evaporative emission of 3He and, to a somewhat lesser extent, 4He products in collisions between relativistic heavy ions. The cross sections for these products are more than two orders of magnitude higher than those found for proton induced reactions at comparable incident velocity16 This points
towards a cooperative mechanism that cannot be explained by geometrical considerations or by an independent superposition of nucleon induced knockon cascades. 
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